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(54) ROTATING EQUIPMENT ABNORMAUTY DIAGNOSTIC METHOD AND 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately 
diagnose abnormality of rotating equipment 
by extracting frequency feature quantity 
and time feature quantity from waveform 
data. 

SOLUTION: Waveform data of vibration or 
sound generated during rotation of rotating 
equipment is detected (S1). The time 
change of spectrum of the waveform data is 
obtained (S2). Frequency generating a peak 
from the time change of spectrum is 
obtained as the frequency feature quantity, 
and time intervals generating peaks every 
frequency feature quantity are obtained as 
the time feature quantity (S3). Sets of 
frequency feature quantity - time feature 
quantity during abnormality of the rotating equipment are previously 
registered as reference data by abnormality causes, and sets of frequency 
feature quantity - time feature quantity obtained from the waveform data 
during rotation of the rotating equipment are collated with the reference data 

(54) . Presence and sort of abnormality are specified from the collated result 

(55) . 
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CLAIMS 



[Claim(s)] 

[Claim 1]While detecting vibration generated at the time of rotation of a 
rotating equipment thru/or a data point like a sound, asking for a temporal 
change of a spectrum of this data point and asking for frequency which 
produces a peak from a temporal change of a spectrum as frequency 
characteristic quantity, It asks for a time interval which produces a peak for 
every frequency characteristic quantity as temporal feature quantity, A group 
of frequency characteristic quantity-temporal feature quantity calculated from 
a data point at the time of rotation of a rotating equipment, An abnormality 
diagnosing method of a rotating equipment specifying existence and an 
abnormality cause of abnormalities of a rotating equipment by comparing a 
group of frequency characteristic quantity-temporal feature quantity at the 
time of abnormalities of a rotating equipment with criterion data beforehand 
registered according to an abnormality cause. 

[Claim 2]An abnormality diagnosing method of the rotating equipment 
according to claim 1 asking for a temporal change of a spectrum of a data 
point by performing short time Fourier transformation to the above-mentioned 
data point. 

[Claim 3]An abnormality diagnosing method of the rotating equipment 
according to claim 1 asking for a temporal change of a spectrum of a data 
point by performing wavelet transform to the above-mentioned data point. 
[Claim 4]Claim 1 using for temporal feature quantity a time interval which 
performs autocorrelation arithmetic to time series data of each frequency 
characteristic quantity, and from which an auto correlation value becomes a 
peak after calculating frequency characteristic quantity thru/or an 
abnormality diagnosing method of the rotating equipment according to claim 3. 

[Claim 5]Claim 1 using for temporal feature quantity a reciprocal of frequency 
which performs Fast Fourier Transform to time series data of each frequency 
characteristic quantity, and from which the maximum is obtained after 
calculating frequency characteristic quantity thru/or an abnormality 
diagnosing method of the rotating equipment according to claim 3. 
[Claim 6]Claim 1 using for temporal feature quantity a KEFURENSHI value 
which performs a cepstrum operation which performs Fast Fourier Transform 
twice to time series data of each frequency characteristic quantity, and from 
which the maximum is obtained after calculating frequency characteristic 
quantity thru/or an abnormality diagnosing method of the rotating equipment 
according to claim 3. 

[Claim 7]An abnormality diagnosing method of the rotating equipment 
according to claim 1 calculating temporal feature quantity about two or more 
frequency characteristic quantity, respectively, and comparing each class of 
frequency characteristic quantity-temporal feature quantity with criterion 
data. 



[Claim 8]An abnormality diagnosing method of the rotating equipment 
according to claim 1 detecting revolving speed of a rotating equipment and 
amending temporal feature quantity according to revolving speed. 
[Claim 9]While detecting vibration generated at the time of rotation of a 
rotating equipment thru/or a data point like a sound, asking for a temporal 
change of a spectrum of this data point and asking for frequency which 
produces a peak from a temporal change of a spectrum as frequency 
characteristic quantity, It asks for a time interval which produces a peak for 
every frequency characteristic quantity as temporal feature quantity, A group 
of frequency characteristic quantity-temporal feature quantity calculated from 
a data point at the time of rotation of a rotating equipment, An abnormality 
diagnosing method of a rotating equipment specifying existence and an 
abnormality cause of abnormalities of a rotating equipment by giving a neural 
network who made it learn beforehand so that a group of frequency 
characteristic quantity-temporal feature quantity at the time of abnormalities 
of a rotating equipment and an abnormality cause exception may be matched. 
[Claim 10]An abnormality diagnosing method of the rotating equipment 
according to claim 1 or 9 using for temporal feature quantity for every 
frequency characteristic quantity a time interval at the time of setting up a 
reference value which carried out weighting for every frequency characteristic 
quantity, respectively, and time series data for every frequency characteristic 
quantity exceeding the above-mentioned reference value, respectively. 
[Claim 11]An abnormality diagnosing method of the rotating equipment 
according to claim 1 , wherein it transmits power from a driving source via a 
belt to a rotating equipment and a driving source is made vibration-proof. 
[Claim 12]An abnormality diagnosing method of the rotating equipment 
according to claim 1 keeping constant a tension of a belt [ it transmits power 
from a driving source via a belt to a rotating equipment and a rotating 
equipment is driving ] of a between. 

[Claim 13]An abnormality diagnosing method of the rotating equipment 
according to claim 1 2 calculating a stretch amount of a belt by finding a wheel 
base of a driving source when a tension of a belt is made into constant value, 
and a rotating equipment. 

[Claim 1 4]An abnormality diagnosing method of the rotating equipment 
according to claim 1 asking for a temporal change of a spectrum of a data 
point after transmitting power from a driving source via a belt to a rotating 
equipment and removing a frequency component of vibrational frequency of a 
belt from the above-mentioned data point. 

[Claim 1 5]An abnormality diagnosing method of the rotating equipment 
according to claim 14 computing vibrational frequency of a belt based on a 
wheel base of a driving source and a rotating equipment, and a tension of a 
belt. 

[Claim 16]An abnormality diagnosing method of the rotating equipment 
according to claim 1 locating a belt in a field which transmits power from a 



driving source via a belt to a rotating equipment, and intersects 
perpendicularly with an axis of a driving source and a rotating equipment. 
[Claim 1 7]While asking for a temporal change of a vibration sensor which 
detects a data point like vibration generated at the time of rotation of a 
rotating equipment, and a spectrum of this data point and asking for frequency 
which produces a peak from a temporal change of a spectrum as frequency 
characteristic quantity, A feature quantity extracting part which asks for a 
time interval which produces a peak for every frequency characteristic 
quantity as temporal feature quantity, A group of frequency characteristic 
quantity-temporal feature quantity calculated from a data point at the time of 
rotation of a rotating equipment, An abnormality diagnosis device of a rotating 
equipment provided with an abnormality-diagnosis part which specifies 
existence and an abnormality cause of abnormalities of a rotating equipment 
by comparing a group of frequency characteristic quantity-temporal feature 
quantity at the time of abnormalities of a rotating equipment with criterion 
data beforehand registered according to an abnormality cause. 
[Claim 1 8]An abnormality diagnosis device of the rotating equipment 
[ provided with a belt which transmits power from a driving source to a 
rotating equipment, and vibration buffer material which supports a driving 
source so that vibration of a driving source may not be transmitted to a 
rotating equipment ] according to claim 17. 

[Claim 1 9]An abnormality diagnosis device of the rotating equipment according 
to claim 18 having a sensor of a couple which detects vibration of both sides 
which sandwiched vibration buffer material, and having a means by which it 
asks for a transfer function of vibration buffer material based on an output of 
both sensors, and a change with time of a transfer function detects 
degradation of vibration buffer material. 

[Claim 20]An abnormality diagnosis device of the rotating equipment 
[ provided with a linear guide which makes a driving source movable to a 
rotating equipment, and regulates a moving range of a driving source in a field 
containing a belt ] according to claim 18. 

[Claim 21]An abnormality diagnosis device of the rotating equipment 
[ provided with an air bearing which makes a driving source movable to a 
rotating equipment, and regulates a moving range of a driving source in a field 
containing a belt ] according to claim 18. 

[Claim 22]An abnormality diagnosis device of the rotating equipment according 

to claim 18 characterized by comprising the following. 

A support means which supports a driving source movable to a rotating 

equipment. 

A transportation device to which a driving source is moved. 

[Claim 23]Claim 18 provided with distance sensors which detect distance of a 
driving source and a rotating equipment thru/or an abnormality diagnosis 
device of the rotating equipment according to claim 22. 



[Claim 24]Establish an excitation means which excites a rotating equipment at 
the time of un-operating of a driving source, and an abnormality-diagnosis 
part, An abnormality diagnosis device of the rotating equipment according to 
claim 17 judging existence of abnormalities of a mechanical system which 
contains a rotating equipment and a vibration sensor based on a data point 
detected with a vibration sensor when a rotating equipment is excited by an 
excitation means. 

[Claim 25]An abnormality diagnosis device of the rotating equipment according 
to claim 24, wherein an excitation means is a voice coil motor. 
[Claim 26]An abnormality diagnosis device of the rotating equipment according 
to claim 24, wherein an excitation means is the actuator which used the 
piezo-electric effect. 

[Claim 27]An abnormality diagnosis device of the rotating equipment according 
to claim 25 or 26, wherein an excitation means is used also [ vibration 
sensor ]. 

[Claim 28]An abnormality diagnosis device of the rotating equipment according 
to claim 24, wherein an excitation means is a hammer which gives impulse 
force to a rotating equipment. 

[Claim 29]In an abnormality diagnosis device of Claim 24 thru/or the rotating 
equipment according to claim 28, While exciting a rotating equipment by an 
excitation means before operating a driving source, based on an output of a 
vibration sensor, a gain of input and output is searched for in an abnormality- 
diagnosis part, An abnormality diagnosing method of a rotating equipment 
checking existence of abnormalities of a mechanical system which contains a 
rotating equipment and a vibration sensor by comparing with a normal range 
which has set up this gain beforehand. 

[Claim 30]In an abnormality diagnosis device of Claim 24 thru/or the rotating 
equipment according to claim 28, While exciting a rotating equipment by an 
excitation means before operating a driving source, based on an output of a 
vibration sensor, a gain of input and output on two or more frequency is 
searched for in an abnormality-diagnosis part, An abnormality diagnosing 
method of a rotating equipment which calculates a correlation value with data 
for check beforehand set to a gain searched for, and is characterized by 
checking existence of abnormalities of a mechanical system which contains a 
rotating equipment and a vibration sensor by comparing with a threshold 
which has set up a calculated correlation value beforehand. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the abnormality diagnosing 

method of a rotating equipment, and its device. 

[0002] 

[Description of the Prior Art]Various kinds of rotating equipments which 
generally rotate an electric motor and an internal-combustion engine as a 
driving source of torque are provided. When a certain abnormalities arise in 
this kind of rotating equipment, it is known that a different vibration from 
always and a sound will occur. 

When a drive is continued in such the state, a rotating equipment may be 
damaged depending on the case. 

[0003]Then, the spectrum pattern obtained by performing Fast Fourier 
Transform (FFT) to a data point like vibration generated from a rotating 
equipment, or a sound conventionally, The spectrum pattern at the time of the 
abnormalities set up beforehand is compared, and it considers diagnosing the 
existence of the abnormalities of a rotating equipment based on a comparison 
result (JP,S62-93620,A). 
[0004] 

[Problem(s) to be Solved by the Invention]By the way, since art given in the 
above-mentioned gazette judges abnormalities only using a spectrum pattern, 
The kind of abnormalities cannot be distinguished about a case (for example, 
abnormalities that generation time intervals differ even if a spectrum pattern 
is equal) so that a spectrum pattern may become equal about abnormalities of 
a different kind. 

[0005]Succeeding in this invention in view of the above-mentioned reason, 
the purpose is to provide the abnormality diagnosing method of the rotating 
equipment whose judgment was enabled to the classification of abnormalities, 
and its device by extracting more information from a data point. 
[0006] 

[Means for Solving the Problem]An invention of Claim 1 detects vibration 
generated at the time of rotation of a rotating equipment thru/or a data point 
like a sound, While asking for a temporal change of a spectrum of this data 
point and asking for frequency which produces a peak from a temporal change 
of a spectrum as frequency characteristic quantity, It asks for a time interval 
which produces a peak for every frequency characteristic quantity as 
temporal feature quantity, Existence and an abnormality cause of 
abnormalities of a rotating equipment are specified by comparing a group of 
frequency [ group / of frequency characteristic quantity-temporal feature 
quantity calculated from a data point at the time of rotation of a rotating 
equipment ] characteristic quantity [ at the time of abnormalities of a rotating 



equipment ]-temporal feature quantity with criterion data beforehand 
registered according to an abnormality cause. 

[0007]An invention of Claim 2 asks for a temporal change of a spectrum of a 
data point by performing short time Fourier transformation to a data point in 
an invention of Claim 1 . An invention of Claim 3 asks for a temporal change of 
a spectrum of a data point by performing wavelet transform to a data point in 
an invention of Claim 1. In an invention of Claim 1 thru/or Claim 3, after an 
invention of Claim 4 calculates frequency characteristic quantity, it performs 
autocorrelation arithmetic to time series data of each frequency 
characteristic quantity, and uses for temporal feature quantity a time interval 
from which an auto correlation value becomes a peak. 

[0008]In an invention of Claim 1 thru/or Claim 3, after an invention of Claim 5 
calculates frequency characteristic quantity, it performs Fast Fourier 
Transform to time series data of each frequency characteristic quantity, and 
uses for temporal feature quantity a reciprocal of frequency from which the 
maximum is obtained. In an invention of Claim 1 thru/or Claim 3, after an 
invention of Claim 6 calculates frequency characteristic quantity, it performs a 
cepstrum operation which performs Fast Fourier Transform twice to time 
series data of each frequency characteristic quantity, and uses for temporal 
feature quantity a KEFURENSHI value from which the maximum is obtained. 
[0009]In an invention of Claim 1 , an invention of Claim 7 calculates temporal 
feature quantity about two or more frequency characteristic quantity, 
respectively, and compares each class of frequency characteristic quantity- 
temporal feature quantity with criterion data. In an invention of Claim 1, an 
invention of Claim 8 detects revolving speed of a rotating equipment, and 
amends temporal feature quantity according to revolving speed. 
[0010]An invention of Claim 9 detects vibration generated at the time of 
rotation of a rotating equipment thru/or a data point like a sound, While asking 
for a temporal change of a spectrum of this data point and asking for 
frequency which produces a peak from a temporal change of a spectrum as 
frequency characteristic quantity, It asks for a time interval which produces a 
peak for every frequency characteristic quantity as temporal feature quantity, 
A group of frequency characteristic quantity-temporal feature quantity 
calculated from a data point at the time of rotation of a rotating equipment, 
By giving a neural network who made it learn beforehand so that a group of 
frequency characteristic quantity-temporal feature quantity at the time of 
abnormalities of a rotating equipment and an abnormality cause exception may 
be matched, existence and an abnormality cause of abnormalities of a rotating 
equipment are specified. 

[001 1]In an invention of Claim 1 or Claim 9, an invention of Claim 10 sets up a 
reference value which carried out weighting for every frequency characteristic 
quantity, respectively, and uses a time interval at the time of time series data 
for every frequency characteristic quantity exceeding the above-mentioned 
reference value, respectively for temporal feature quantity for every 



frequency characteristic quantity. An invention of Claim 1 1 transmits power 
from a driving source via a belt in an invention of Claim 1 to a rotating 
equipment, and a driving source is made vibration-proof. 
[0012]In an invention of Claim 1, an invention of Claim 12 transmits power 
from a driving source via a belt to a rotating equipment, and keeps constant a 
tension of a belt [ a rotating equipment is driving ] of a between. An invention 
of Claim 13 calculates a stretch amount of a belt in an invention of Claim 12 
by finding a wheel base of a driving source when a tension of a belt is made 
into constant value, and a rotating equipment. 

[0013]In an invention of Claim 1, an invention of Claim 14 transmits power 
from a driving source via a belt to a rotating equipment, and after it removes a 
frequency component of vibrational frequency of a belt from the above- 
mentioned data point, it asks for a temporal change of a spectrum of a data 
point. An invention of Claim 1 5 computes vibrational frequency of a belt in an 
invention of Claim 14 based on a wheel base of a driving source and a rotating 
equipment, and a tension of a belt. 

[0014]In an invention of Claim 1, an invention of Claim 16 transmits power 
from a driving source via a belt to a rotating equipment, and locates a belt in a 
field which intersects perpendicularly with an axis of a driving source and a 
rotating equipment. A vibration sensor which detects a data point [ like 
vibration generated at the time of rotation of a rotating equipment ] whose 
invention of Claim 1 7 is, While asking for a temporal change of a spectrum of 
this data point and asking for frequency which produces a peak from a 
temporal change of a spectrum as frequency characteristic quantity, A feature 
quantity extracting part which asks for a time interval which produces a peak 
for every frequency characteristic quantity as temporal feature quantity, A 
group of frequency characteristic quantity-temporal feature quantity 
calculated from a data point at the time of rotation of a rotating equipment, It 
has an abnormality-diagnosis part which specifies existence and an 
abnormality cause of abnormalities of a rotating equipment by comparing a 
group of frequency characteristic quantity-temporal feature quantity at the 
time of abnormalities of a rotating equipment with criterion data beforehand 
registered according to an abnormality cause. 

[0015]An invention of Claim 18 is provided with a belt which transmits power 
from a driving source to a rotating equipment, and vibration buffer material 
which supports a driving source so that vibration of a driving source may not 
be transmitted to a rotating equipment in an invention of Claim 1 7. In an 
invention of Claim 18, an invention of Claim 19 is provided with a sensor of a 
couple which detects vibration of both sides which sandwiched vibration 
buffer material, asks for a transfer function of vibration buffer material based 
on an output of both sensors, and is provided with a means by which a change 
with time of a transfer function detects degradation of vibration buffer 
material. 

[0016]In an invention of Claim 18, an invention of Claim 20 makes a driving 



source movable to a rotating equipment, and is provided with a linear guide 
which regulates a moving range of a driving source in a field containing a belt. 
In an invention of Claim 18, an invention of Claim 21 makes a driving source 
movable to a rotating equipment, and is provided with an air bearing which 
regulates a moving range of a driving source in a field containing a belt. 
[0017]An invention of Claim 22 is provided with a support means which 
supports a driving source movable to a rotating equipment, and a 
transportation device to which a driving source is moved in an invention of 
Claim 18. An invention of Claim 23 is provided with distance sensors which 
detect distance of a driving source and a rotating equipment in an invention of 
Claim 18 thru/or Claim 22. 

[0018]An invention of Claim 24 establishes an excitation means which excites 
a rotating equipment at the time of un-operating of a driving source in an 
invention of Claim 1 7, and an abnormality-diagnosis part, When a rotating 
equipment is excited by an excitation means, existence of abnormalities of a 
mechanical system which contains a rotating equipment and a vibration 
sensor based on a data point detected with a vibration sensor is judged. An 
invention of Claim 25 uses an excitation means as a voice coil motor in an 
invention of Claim 24. 

[0019]An invention of Claim 26 uses an excitation means as an actuator using 
the piezo-electric effect in an invention of Claim 24. As for an invention of 
Claim 27, in an invention of Claim 25 or Claim 26, an excitation means is used 
also [ vibration sensor ]. An invention of Claim 28 makes an excitation means 
a hammer which gives impulse force to a rotating equipment in an invention of 
Claim 24. 

[0020]In an abnormality diagnosis device of Claim 24 thru/or the rotating 
equipment according to claim 28 an invention of Claim 29, While exciting a 
rotating equipment by an excitation means before operating a driving source, 
based on an output of a vibration sensor, a gain of input and output is 
searched for in an abnormality-diagnosis part, Existence of abnormalities of a 
mechanical system containing a rotating equipment and a vibration sensor is 
checked by comparing this gain with a normal range set up beforehand. 
[0021 ]In an abnormality diagnosis device of Claim 24 thru/or the rotating 
equipment according to claim 28 an invention of Claim 30, While exciting a 
rotating equipment by an excitation means before operating a driving source, 
based on an output of a vibration sensor, a gain of input and output on two or 
more frequency is searched for in an abnormality-diagnosis part, A correlation 
value with data for check beforehand set to a gain searched for is calculated, 
and existence of abnormalities of a mechanical system containing a rotating 
equipment and a vibration sensor is checked by comparing with a threshold 
which has set up a calculated correlation value beforehand. 
[0022] 

[Embodiment of the Invention] 

(Embodiment 1) In this embodiment, as shown in drawing 2 , the rotating 



equipment which is the target of abnormality diagnosis is the electromagnetic 
clutch 2, and is rotated via the belt 21 by making the motor 1 into a driving 
source. 

[0023]It explains in more detail. As shown in drawing 3, in the base 10 fixed to 
regular positions, such as a floor, it is arranged so that the slide of the motor 
plate 13 may be attained on a straight line via the linear guide 12 attached to 
the motor base 1 1 fixed on the base 10. The motor 1 as a driving source is 
fixed to the holding stand 15 fixed on this motor plate 13 via the vibration 
buffer material 14. The sliding direction of the motor plate 13 is in the field 
which intersects perpendicularly with the output shaft of the motor 1, and is 
regulated horizontally. The rising pieces 11a and 15a are formed in the motor 
base 11 and the holding stand 15, and the vibration buffer material 14a is 
infixed also among both the rising pieces 11a and 15a. 

[0024]The torque of the motor 1 is transmitted to the electromagnetic clutch 

2 which is a rotating equipment via the belt 21 hung about on the output 

shaft. The electromagnetic clutch 2 is provided with the following. 

The clutch pulley 2a on which the belt 21 was hung about as shown in drawing 

4. 

The 1 st and 2nd boss 2b, 2c which both ends rotate with the axis of rotation 
23 supported pivotally with the bearings 22a and 22b. 
The coil 25 fixed to the bearing 22a. 

Although 1 st boss 2b has adhered to the axis of rotation 23, it is combined by 
the spline to 1 st boss 2b, and the 2nd boss 2c is movable to the shaft 
orientations of the axis of rotation 23. Rotation of the clutch pulley 2a is 
attained via the bearing 23c to the axis of rotation 23. If a deer is carried out 
and an exciting current is sent through the coil 25, the clutch pulley 2a is 
adsorbed magnetically and the 2nd boss 2c can transmit torque to boss 2b 
from the clutch pulley 2a. 

[0025]The bearings 22a and 22b are held at the bearing stands 26a and 26b, 
respectively, and as shown in the bearing stand 26a at drawing 3, the vibration 
sensor 3 is arranged. As long as the vibration sensor 3 changes vibration of 
the bearing stand 26a into electric oscillation, it may use what kind of thing. 
By the way, when the vibration sensor 3 detects vibration of the 
electromagnetic clutch 2 as a rotating equipment, the motor 1 and the 
electromagnetic clutch 2 are combined in the following procedures. First, after 
attaching the electromagnetic clutch 2, the output shaft and the clutch pulley 
2a of the motor 1 are built over the belt 21. Like drawing 3 (a), by bringing 
near the motor plate 13 by the way of the bearing stands 26a and 26b, loosen 
the belt 21 and like drawing 3 (b) after that in this stage, By separating the 
motor plate 1 3 from the bearing stands 26a and 26b, it is made for a regular 
tension to start the belt 21, and the motor base 1 1 and the motor plate 13 are 
fixed in this position. Here, since the motor plate 13 is moved using the linear 
guide 12, the motor plate 13 can be smoothly moved to the motor base 11, 
and horizontal power cannot act to the vibration buffer material 14, but the 



fall of cushioning capacity can be prevented. 

[0026]Next, if the motor 1 is rotated, since the electromagnetic clutch 2 will 
rotate, the vibration analysis later mentioned based on the output of the 
vibration sensor 3 in this state is conducted, poor existence is detected, and 
that cause is specified if there is a defect. Since the vibration buffer material 
14 and 14a is formed between the base 10 and the motor 1, Vibration 
transmitted to the base 1 0 from the motor 1 can be attenuated substantially, 
and it controls that vibration of the motor 1 is detected as a noise with the 
vibration sensor 3, and it can separate from a noise and vibration of the 
electromagnetic clutch 2 as a rotating equipment can be detected. After 
specifying poor existence and its cause by a vibration analysis, the motor 1 is 
stopped, the motor plate 1 3 is moved for reverse with above-mentioned 
direction, the belt 21 is removed, and the electromagnetic clutch 2 is 
removed. It becomes possible to be able to detect the poor existence of the 
electromagnetic clutch 2 in such a procedure, and to also specify the poor 
cause. 

[0027]It may replace with the linear guide 1 2, and as shown in drawing 5 , the 
air bearing 16 may be used. While having the slider 16a which the air bearing 
16 is being fixed to the motor base 1 1, and is fixed to the undersurface side of 
the motor plate 13, The slider 16a is stored so that surfacing in the bushing 
1 6b is possible, and it is surfaced by spraying the compressed air introduced 
through the channel 16c established in the bushing 16b on the slider 16a, 
without contacting the slider 16a to the bushing 16b. Therefore, it becomes 
possible to move the motor plate 13 to the motor base 1 1 still more smoothly 
than the linear guide 12. 

[0028]If the vibration buffer material 14 and 14a deteriorates in many years 
past, since a noise will increase, it is necessary to detect the existence of 
degradation also about the vibration buffer material 14 and 14a. Then, as 
shown in drawing 6 , the vibration sensors 3a and 3b are arranged, respectively 
in the proper place of the motor plate 13, and the proper place of the base 
plate 10, the motor 1 is rotated in the state where the belt 21 is not hung, and 
vibration of the motor plate 13 and vibration of the base plate 10 are 
detected. Thus, if vibration is analyzed, since it can ask for the transfer 
function from the motor plate 13 to the base plate 10, it will become possible 
by asking for a secular change of a transfer function periodically to check a 
secular change of the vibration buffer material 14 and 14a. For example, when 
the transfer function at the time of normal deteriorates according to ** of 
drawing 7 , and aging, a transfer function becomes like ** of drawing 7 . 
[0029]By the way, although the device shown in drawing 2 moves the motor 
plate 13 by manual operation, it can form the air cylinder 17 as shown in 
drawing 8 as a driving means to which the motor plate 1 3 is moved. It has the 
rod 17a which expanded and contracted the air cylinder 17 in the sliding 
direction of the motor plate 13, and was combined with the motor plate 13, 
and the amount of elasticity of a rod is adjusted by pneumatic pressure. 



Therefore, like the composition shown in drawing 2 , before hanging the belt 21, 
the motor plate 1 3 is brought near by the way of the bearing stands 26a and 
26b, After applying the belt 21, by the air cylinder 1 7, the motor plate 13 is 
moved and a predetermined tension should just be acquired by the belt 21. Of 
course, when removing the belt 21, the rod 17a of the air cylinder 17 is moved 
to a projection direction, and the belt 21 is loosened. 
[0030]It is also possible to replace with the air cylinder 17 and to use the 
voice coil motor 18 as a driving means to which the motor plate 13 is moved, 
as shown in drawing 9. The voile coil motor 18 arranges the permanent 
magnet 1 8b to the medial surface of up-and-down both the pieces in the 
figure of the yoke 1 8a of approximately E type, inserts a center piece in the 
coil 18c of an air core, and the coil 18c moves it along with the longitudinal 
direction of a center piece by sending an exciting current through the coil 1 8c. 
Since the position of the coil 1 8c is decided according to an exciting current, 
if it gives a proper current command value to the driver 1 8d and an exciting 
current is controlled, it can control the position of the coil 1 8c only by a 
current command value. It is combined with the motor plate 13 via the rod 
18e, and the coil 18c can move the motor plate 13 according to the above- 
mentioned current command value. 

[0031 ]By the way, since the vibration buffer material 14 and 14a exists 
between the motor 1 and the vibration sensor 3, the vibration of the motor 1 
itself is hardly transmitted to the vibration sensor 3, but vibration of the belt 
21 will be detected by the vibration sensor 3. Since it can consider that the 
vibrational frequency of the belt 21 is almost constant while conducting the 
vibration analysis of the electromagnetic clutch 2 as a subject of examination, 
If this vibrational frequency is measured beforehand, a filter from which this 
vibrational frequency is removed is formed and the noise by vibration of the 
belt 21 is removed from the output of the vibration sensor 3, Noises other 
than the vibration component produced from the output of the vibration 
sensor 3 with the electromagnetic clutch 2 will be removed, and it becomes 
possible to raise the accuracy of the vibration analysis of the electromagnetic 
clutch 2. 

[0032]Vibrational frequency f g |- of the be(t 2 j ] ^z) is a function with the 

weighted solidity a (kg/m) it is decided with the size and construction material 
of the belt 21 that will be wheel base [ of tension Q f the b e | t 21 / ^)» and 

the output shaft of the motor 1 and the axis of rotation 23 of the 
electromagnetic clutch 2 ] L (m), and is expressed like a following formula. 

f B =Tg/(4andL 2 -a) 

When asking for vibrational frequency f g of the belt 21 using an upper type, 

the weighted solidity a may consider that it is almost fixed, tension T g — the 

size (the air cylinder 1 7 - — pneumatic pressure.) of the load of the air cylinder 
1 7 or the voice coil motor 1 8 the voice coil motor 18 — a current value — it 



can know — since it can know, it becomes possible to apply an upper type by 
forming a means to get to know the wheel base L Then, as shown in drawing 
10, the distance sensors 27 for measuring the distance between the regular 
positions of the motor plate 13 and the base plate 10 are provided. The 
distance sensors 27 find the wheel base L based on the distance between 
both the distance sensors 27 using an optical thing. 

[0033]Since tension T D and the wheel base L can be adjusted, it becomes 

possible to correspond to change of vibrational frequency f g by change of the 

stretch amount of the belt 21. For example, if it controls to keep vibrational 
frequency f g constant, a noise can be removed, without changing the pass 

band of a filter. If distance is measured with the distance sensors 27 by 
making the tension of the belt 21 into the conditions, change of the length of 
the belt 21 can be known. Then, if the belt 21 deteriorates and it notes that 
the stretch amount of the belt 21 becomes large, the degradation state of the 
belt 21 can be checked by change of the length of the belt 21. That is, when 
the length of the belt 21 at the time of normal is measured, the length of the 
belt 21 is checked periodically and a stretch amount reaches a predetermined 
value (for example, 5%), it becomes possible to urge exchange of the belt 21. 
[0034]It cannot be overemphasized that the position of the electromagnetic 
clutch 2 in the longitudinal direction of the axis of rotation 23 is adjusted so 
that the belt 21 may be contained in the field which intersects perpendicularly 
with the output shaft and the axis of rotation 23 of the motor 1. By this, a 
slide does not occur between the output shaft of the motor 1 , the clutch 
pulley 2a, and the belt 21, but generating of an unnecessary vibration 
component can be controlled. 

[0035]The vibration analysis based on the output of the vibration sensor 3 is 
conducted as follows. That is, like drawing 1 (a), in the feature quantity 
extracting part 4, frequency characteristic quantity and temporal feature 
quantity are extracted from the output of the vibration sensor 3, and it inputs 
into the abnormality-diagnosis part 5. By comparing with frequency 
characteristic quantity, temporal feature quantity, and the criterion data 
mentioned later, the abnormality-diagnosis part 5 searches for the existence 
of abnormalities, and the kind of abnormalities, and displays the result on the 
indicator 6. 

[0036]The fundamental procedure of a vibration analysis becomes like drawing 
Kb). First, the output of the vibration sensor 3 is incorporated (S1). Next, 
since the output of the vibration sensor 3 is a data point, it asks for the 
temporal change of the spectrum of this data point (S2). That is, it asks for 
the relation between the frequency of a data point, time, and power. It asks 
for the temporal change of a spectrum by performing an operation called short 
time Fourier transformation (STFT) or wavelet transform to a data point. 
These operations are mentioned later. 

[0037]If the relation between the frequency of the output of the vibration 



sensor 3, time, and power can be found as mentioned above, the 
characteristic information in the relation of the frequency, time, and power 
which are generated when abnormalities arise in a rotating equipment will be 
extracted as characteristic quantity (S3). As characteristic quantity, the 
frequency (henceforth frequency characteristic quantity) which has a peak at 
the time of an abnormal occurrence, and a time interval (henceforth temporal 
feature quantity) in case power exceeds the reference value Ps for every 
frequency characteristic quantity are used. If such frequency characteristic 
quantity and temporal feature quantity are made into a group, it receives 
unusually, and the group of frequency characteristic quantity-temporal feature 
quantity becomes the almost same value with a rotating equipment of the 
same kind, and will have a different value from which it receives unusually and 
the group of frequency characteristic quantity-temporal feature quantity 
differs. Although the reference value Ps can be set up suitably, it can be set 
to Ps=mu+3sigmaPs :::: mu+2sigma etc. using the average value mu and the 
standard deviation sigma of power in a data point in an excellent article. If the 
latter reference value Ps is used, since the detection probability of frequency 
characteristic quantity increases, it will become possible to identify many 
abnormalities using more information, but since processing time becomes long 
according to increase of the amount of information, it is enough, if the former 
reference value Ps is used when there are few kinds of abnormalities which 
should be identified. Since the size of a peak does not necessarily become the 
same with each frequency characteristic quantity, it is desirable to set the 
reference value Ps as a different value for every frequency characteristic 
quantity. That is, it is equivalent to performing weighting for every frequency 
characteristic quantity. 

[0038]Then, frequency characteristic quantity and temporal feature quantity 
are beforehand calculated about various kinds of abnormalities of a rotating 
equipment, The group of frequency characteristic quantity-temporal feature 
quantity is registered according to various abnormalities as criterion data, and 
the group of the frequency characteristic quantity-temporal feature quantity 
calculated from the data point produced at the time of rotation of a rotating 
equipment is compared with criterion data (S4). As shown in drawing 1 1 , for 
example, two or more kinds frequency characteristic quantity f 1? and 

The table with two or more kinds of temporal feature quantity ta, tb, and .... 
which matched the kind of abnormalities with combination is created as 
criterion data, and the group of the frequency characteristic quantity- 
temporal feature quantity extracted from the data point obtained at the time 
of rotation of a rotating equipment is compared with this table. When it is a 
defect (R^ who has a crack in the inside of a bearing in the example of a 

graphic display when the groups of frequency characteristic quantity-temporal 
feature quantity are (f^ ta), and (f^ tb), he shall be the loose connection 2 

(R g ) at the time of the loose connection 1 (R 2 ), and (fg, tb). Loose connection 



is a defect about contact with a bearing and the axis of rotation, contact with 
the clutch pulley 2a of the electromagnetic clutch 2, and the boss 2c, etc. 
Although it has the frequency characteristic quantity fj with same crack and 

loose connection 1 of a bearing in this example, In the case of the crack of a 
bearing, the peak of frequency characteristic quantity f 1 arises in the time 

interval equivalent to the rotational cycle of the member rolled inside a 
bearing, and the member which the member touches, and in being the loose 
connection 1 and the loose connection 2, the peak of frequency characteristic 
quantity f 2 arises in the time interval equivalent to the rotational cycle of a 

rotating equipment. Thus, both are identified by difference of temporal feature 
quantity. Similarly, although the loose connection 1 and the loose connection 
2 are the same temporal feature quantity tb, since frequency characteristic 
quantity differs, it is identifiable. 

[0039]If the group of frequency characteristic quantity-temporal feature 
quantity is compared with criterion data and it judges whether it is in 
agreement as mentioned above, the existence of abnormalities and the kind of 
abnormalities can be specified (S5). In the case of collation, it is required to 
give some width to frequency characteristic quantity and temporal feature 
quantity. By the way, in order to ask for the temporal change of a spectrum 
from a data point, it is necessary to search for a spectrum with a 
comparatively short time interval. As this kind of art, short time Fourier 
transformation and wavelet transform are known. A vibration analysis 
becomes possible only with the output of the one vibration sensor 3, without 
using many filters for every frequency characteristic quantity, in order to 
calculate frequency characteristic quantity, if such art is used. 
[0040]These conversion is explained briefly. As for short time Fourier 
transformation, the local spectrum [ in / considering a window function as w 
(t, delta t) / the data point which should be measured can be set to x (t), 
and / time t Q ] Xs (t Q , w) is searched for with the Fourier transform of x(t) w 

(t-t Q , deltat). That is, it becomes like several 1 . 

[0041] 
[Equation 1] 

Xs Ctc, w) = fx (t) w (t-tn At) expC- j <o t )dt 

J — CO 

[0042]A temporal change of a spectrum which performed and asked for short 
time Fourier transformation a data point which was mentioned above, and 
which it receives unusually in some numbers and is an output of the vibration 
sensor 3 becomes like drawing 1 2 t hru/or drawing 1 4 f or example, 
respectively. According to these figures, it turns out that frequency 
characteristic quantity f^ f 2 and the temporal feature quantity ta which were 

mentioned above, and tb are obtained, and a kind of abnormalities can be 



specified with combination of frequency characteristic quantity and temporal 
feature quantity. 

[0043]On the other hand, wavelet transform has the feature in a point using a 
window function which carries out zooming to a time base direction called a 
wavelet function, and asks for a convolution of the original data point and a 
wavelet function. That is, a times as much scale conversion is performed to a 
window function used as a standard of a wavelet function of the Mother 
wavelet psi (t), only b shifts the starting point to it, and wavelet function psi 

, , (t) perform wavelet transform like several 2 using this, 
and b 

[0044] 
[Equation 2] 

g (a, b) = \/a ¥ a< * (t) x (t) dt 

— oo 



fc*£UV..i (t)=/T 



[0045]In wavelet transform, since zooming of the window function is carried 
out to a time base direction, as shown in drawing 15 , time resolution can be 
made high as the high frequency region of a data point, and, in a low frequency 
region, frequency resolution becomes high. Although it assumes between 
vibration analyses that it is that to which temporal feature quantity is not 
changed in the above-mentioned example, the revolving speed of the motor 1 
may have a wow and flutter. Then, if means (rotary encoder etc.) to detect 
the revolving speed of a rotating equipment are formed and temporal feature 
quantity is amended according to revolving speed, even when revolving speed 
has unevenness, abnormality diagnosis can be performed with sufficient 
accuracy. 

[0046](Embodiment 2) When carrying out like the above-mentioned 
embodiment and calculating temporal feature quantity from the temporal 
change of a spectrum, in Embodiment 1 , power makes the time interval 
exceeding a reference value temporal feature quantity, but. Thus, since the 
time interval for which it asked may include an error, it needs to determine 
temporal feature quantity in consideration of an error. For example, as shown 
in drawing 16 , in the temporal feature quantity ta, error deltat^ deltat 2 , and 

deltatg may arise. Then, the time series data about each frequency 

characteristic quantity are created, and autocorrelation arithmetic is 
performed. When time series data are expressed with f (t) about one 
frequency characteristic quantity now, autocorrelation-function phi (tau) is 

expressed like several 3. If it asks for such autocorrelation-function phi 



XX 



(tau), since it will become asking for autocorrelation-function phi (tau) like 

)CX 



drawing 17 , the periodicity of time-series-data f (t) can be known, and 
temporal feature quantity can be determined. 

[0047]It may replace with autocorrelation-function phi xx (tau) to time series 

data of frequency characteristic quantity, and Fast Fourier Transform (FFT) 
may be performed. In this case, since a sharp peak arises in specific 
frequency as shown in drawing 18 , a reciprocal of this frequency can be 
determined as temporal feature quantity. However, two or more peaks 
depended on harmonic content as it is shown in drawing 19 , when Fast Fourier 
Transform is performed as it is a waveform which a peak of a data point 
produced at the time of abnormalities decreases for a short time occur, and 
temporal feature quantity may be unable to be specified. So, in such a case, 
after performing Fast Fourier Transform, Fast Fourier Transform is further 
performed to the data, and it is made to perform what is called a cepstrum 
operation. In this case, as shown in drawing 20, a sharp peak arises in 
temporal feature quantity, and temporal feature quantity can be determined as 
it. 

[0048](Embodiment 3) this embodiment, if abnormalities have arisen in each 
part when a case where two or more kinds of abnormalities have arisen 
simultaneously is shown and a rotating part of a rotating equipment touches 
[ for example, ] to a fixed portion at two places, As shown in drawing 21, 2 
kinds of frequency characteristic quantity f g and will be detected 

simultaneously. In such a case, after asking for each frequency characteristic 
quantity f^ and f^ f a group of frequency characteristic quantity-temporal 

feature quantity can be specified by asking every each frequency 
characteristic quantity f g and f ' for the temporal feature quantity tc and td, 

respectively. Therefore, as shown in drawing 22 , abnormality cause R g and R 4 

can be specified by collation with criterion data. 

[0049](Embodiment 4) This embodiment identifies a kind of abnormalities by 
inputting a group of frequency characteristic quantity and temporal feature 
quantity into a neural network, without comparing with criterion data based on 
a table. As specifically shown in drawing 23 , in the feature quantity extracting 
part 4, frequency characteristic quantity and temporal feature quantity are 
extracted from an output of the vibration sensor 3, and it inputs into the 
abnormality-diagnosis part 5 using a neural network. By giving a learning signal 
corresponding to the abnormality cause from the outside, the abnormality- 
diagnosis part 5 is made to learn by well-known technologies, such as back 
propagation, and functions as a sorter while known receives unusually in some 
numbers and it gives frequency characteristic quantity and temporal feature 
quantity. Therefore, if frequency characteristic quantity and temporal feature 
quantity are given to the abnormality-diagnosis part 5, an output 
corresponding to an abnormality cause will be generated. In this case, when 
there are two or more kinds of groups in frequency characteristic quantity and 



temporal feature quantity like Embodiment 3, a group of frequency 
characteristic quantity-temporal feature quantity will be given to the 
abnormality-diagnosis part 5 in order. What is necessary is making it just 
display a diagnostic result by the abnormality-diagnosis part 5 on the proper 
indicator 6. 

[0050](Embodiment 5) This embodiment adds the voice coil motor 31 as an 
excitation means to composition of Embodiment 1 shown in drawing 8 , as 
shown in drawing 24. The voice coil motor 31 is mechanically combined with 
the bearing stand 26a. The voice coil motor 31 is provided with the following. 
It has the same composition as the voice coil motor 18 shown in drawing 9 , 
and is the yoke 31a. 
Permanent magnet 31b. 
The air-core coil (voice coil) 31c. 

The permanent magnet 31b is magnetized so that a medial surface and lateral 
surface may become heteropolarity, and according to direction of an exciting 
current sent through the coil 31c, the coil 31c carries out rectilinear- 
propagation movement at a longitudinal direction of a center piece of the yoke 
31a. The yoke 31a and the coil 31c are combined with the return spring 32, 
and while not sending an exciting current through the coil 31c, the coil 31c is 
held in a regular position to the yoke 31a. A coil spring, diaphragm-like flat 
spring, etc. are used for the return spring 32. One end of the connecting shaft 
33 is combined with the coil 31c, and the weight 34 is combined with the other 
end of the connecting shaft 33. The connecting shaft 33 is held by the bearing 
stand 24 which was set up by the base 10 and provided with a thrust block. 
An exciting current sent through the coil 31c is controlled by giving a proper 
current command value to the driver 31 d. The yoke 31a is combined with the 
bearing stand 26a. 

[0051] Vibration can be added to the bearing stand 26a by carrying out a deer 
and making into pulse form thru/or sine wave shape, etc. current sent through 
the coil 31c. That is, according to an exciting current to the coil 31c, the yoke 
31a and the coil 31c tend to move relatively, and vibration can be added to 
the bearing stand 26a by attaching the weight 34 of proper mass to the coil 
31c side. 

[0052]It is going to detect whether this embodiment has abnormalities in 
neither a mounting state over the bearing stand 26a of the vibration sensor 3, 
nor a mounting state over the bearing stand 26a of the electromagnetic clutch 
2, and is made to have driven the voice coil motor 31 in the state where the 
motor 1 is not driven. Specifically, the abnormality-diagnosis part 5 judges 
existence of abnormalities in the following procedures. 
[0053] First, the belt 21 is hung about between the motor 1 and the clutch 
pulley 2a of the electromagnetic clutch 2 like a case where a vibration 
analysis of the electromagnetic clutch 2 is conducted. At this time, as shown 
in drawing 24 , the belt 24 is loosened by bringing near the motor plate 13 by 
the bearing stands 26a and 26b. Then, where it moved the motor plate 1 3 and 



a necessary tension is applied to the belt 21, the motor plate 13 is fixed to 
the base 10. 

[0054]Then, the voice coil motor 31 is driven, the bearing stand 26a is 
vibrated, and a ratio (= Po/pi) of the electric power Pi given to the voice coil 
motor 31 and power Po of vibration detected with the vibration sensor 3 is 
calculated about two or more frequency. As for this ratio, since it is 
equivalent to a gain of input and output and a numerical value becomes 
comparatively small, it is desirable to search for the gain G converted into a 
decibel with a following formula. 
G=10 and log (Po/pi) 

As compared with the upper limit Gs as a threshold and the lower limit Gi 
(value which generally subtracted and added constant value to the average 
value of the gain G at the time of normal) which were set up based on a gain 
searched for when a device was normal, as shown in drawing 25 (a), When the 
gain G searched for is between the upper limit Gs and the lower limit Gi (that 
is, Gi<G<Gs), the vibration sensor 3 shakes to the bearing stand 26a, and is 
attached that there is nothing, and it is judged that the electromagnetic clutch 
2 is held certainly at the bearing stand 26a. Normal and abnormalities of a 
device can be checked by performing such judgment about two or more 
frequency. The gain G will be searched for in here, changing [ can know 
frequency distribution of the gain G by one magnetization, and ] frequency, 
when an exciting current is sine wave shape, if an exciting current given to 
the voice coil motor 31 is pulse form. If a device has abnormalities, as shown 
in drawing 25 (b), the gain G searched for will deviate from between the upper 
limit Gs and the lower limits Gi. 

[0055]As an excitation means, as shown in drawing 26, the actuator 35 using 
the piezo-electric effect may be used. Vibration can be added to the bearing 
stand 26a as well as the voice coil motor 31 also with this kind of actuator 35. 
And a drive by high frequency is possible for this kind of actuator 35, and it 
can take a wide test-frequency range rather than the voice coil motor 31. 
Although power applied to the bearing stand 26a according to a command 
value of a voltage signal given from the outside can change this kind of 
actuator 35, it is also possible to obtain a voltage output from the actuator 35 
conversely according to power applied to the bearing stand 26a. Then, part 
mark can be reduced by using the actuator 35 which is an excitation means 
also [ vibration sensor / 3 ]. However, with this composition, a period which 
vibrates the bearing stand 26a with the actuator 35, and a period using the 
actuator 35 as the vibration sensor 3 have shifted timing. A voltage signal of 
pulse form thru/or sine wave shape is given to measurement of the gain G. 
[0056]As an excitation means, as shown in drawing 27, the hammer 36 may be 
used. The hammer 36 is driven by driving sources, such as a solenoid which is 
not illustrated, and gives impulse force to the bearing stand 26a. If the 
hammer 36 is used, since impulse force will be given, vibration which contains 
many frequency components with 1 time of a shock can be given to the 



bearing stand 26a. After giving impulse force, since the hammer 36 separates 
from the bearing stand 26a, it can detect more correctly a vibrational state of 
a mechanical system containing the vibration sensor 3 and the bearing stand 
26a. Here, the load cell 37 can be formed in a part which makes impulse force 
act on the bearing stand 26a in the hammer 36, and impulse force given to the 
bearing stand 26a can be correctly measured by measuring impulse force. 
[005 7] Although it accepts whether the gain G is within the limits of the upper 
limit Gs and the lower limit Gi, it comes out in this embodiment and normal 
and abnormalities are judged, For example, similarity will not be seen by 
pattern of frequency distribution of the gain G of that whose gain G is within 
the limits of the upper limit Gs and the lower limit Gi if it has a form as 
frequency distribution of the gain G shows to drawing 28 . In such a case, it is 
common for a device not to be normal. Then, while using average value with 
the upper limit Gs and the lower limit Gi as data for check, this average value 
and a correlation value with the gain G are calculated, and it may be made to 
judge a calculated correlation value that a correlation value is normal at the 
time beyond of a threshold (that is, similarity is high) as compared with a 
threshold. 
[0058] 

[Effect of the Invention]The invention of Claim 1 detects vibration generated 
at the time of rotation of a rotating equipment thru/or a data point like a 
sound, While asking for the temporal change of the spectrum of this data point 
and asking for the frequency which produces a peak from the temporal change 
of a spectrum as frequency characteristic quantity, It asks for the time 
interval which produces a peak for every frequency characteristic quantity as 
temporal feature quantity, The group of the frequency characteristic quantity- 
temporal feature quantity calculated from the data point at the time of 
rotation of a rotating equipment, It is what specifies the existence and the 
abnormality cause of abnormalities of a rotating equipment by comparing the 
group of the frequency characteristic quantity-temporal feature quantity at 
the time of the abnormalities of a rotating equipment with the criterion data 
beforehand registered according to the abnormality cause, Since an 
abnormality cause is specified combining frequency characteristic quantity 
and temporal feature quantity, there is an advantage that the discriminating 
precision of an abnormality cause becomes high as compared with what 
specifies an abnormality cause only using frequency like before. 
[0059]When it asks for the temporal change of the spectrum of a data point 
by performing short time Fourier transformation to a data point like the 
invention of Claim 2, there is an advantage that frequency characteristic 
quantity and temporal feature quantity can be calculated without using many 
filters based on one data point. If it asks for the temporal change of the 
spectrum of a data point by performing wavelet transform to a data point like 
the invention of Claim 3, In a high frequency region, since time resolution 
becomes high and frequency resolution becomes high in a low frequency 



region, there is an advantage that frequency characteristic quantity and 
temporal feature quantity can be extracted efficiently. 

[0060] Like the invention of Claim 4, after calculating frequency characteristic 
quantity, autocorrelation arithmetic is performed to the time series data of 
each frequency characteristic quantity, In some which use for temporal 
feature quantity the time interval from which an auto correlation value 
becomes a peak, even if the time interval which a peak produces about each 
frequency characteristic quantity has a gap of some, there is an advantage 
that a value good as temporal feature quantity can be calculated. 
[0061]Like the invention of Claim 5, after calculating frequency characteristic 
quantity, Fast Fourier Transform is performed to the time series data of each 
frequency characteristic quantity, and it has the advantage of becoming easy 
to extract the generation cycle of the peak in each frequency characteristic 
quantity, by what uses for temporal feature quantity the reciprocal of the 
frequency from which the maximum is obtained. Like the invention of Claim 6, 
after calculating frequency characteristic quantity, the cepstrum operation 
which performs Fast Fourier Transform twice to the time series data of each 
frequency characteristic quantity is performed, In what uses for temporal 
feature quantity the KEFURENSHI value from which the maximum is obtained, 
even when attenuation of a peak is quick, it has the advantage that the 
generation cycle of a peak can be extracted easily. 

[0062] Like the invention of Claim 7, temporal feature quantity is calculated 
about two or more frequency characteristic quantity, respectively, and by 
what compares each class of frequency characteristic quantity-temporal 
feature quantity with criterion data, even when two or more abnormality 
causes exist, it has the advantage that an abnormality cause can be specified. 
Like the invention of Claim 8, the revolving speed of a rotating equipment is 
detected, and by what amends temporal feature quantity according to 
revolving speed, even when changing the revolving speed of a rotating 
equipment, it becomes possible to specify an abnormality cause. 
[0063]The invention of Claim 9 detects vibration generated at the time of 
rotation of a rotating equipment thru/or a data point like a sound, While asking 
for the temporal change of the spectrum of this data point and asking for the 
frequency which produces a peak from the temporal change of a spectrum as 
frequency characteristic quantity, It asks for the time interval which produces 
a peak for every frequency characteristic quantity as temporal feature 
quantity, The group of the frequency characteristic quantity-temporal feature 
quantity calculated from the data point at the time of rotation of a rotating 
equipment, By giving the neural network who made it learn beforehand so that 
the group of the frequency characteristic quantity-temporal feature quantity 
at the time of the abnormalities of a rotating equipment and an abnormality 
cause exception may be matched, Since the existence and the abnormality 
cause of abnormalities of a rotating equipment are specified and the neural 
network is used for the classification of an abnormality cause, there is an 



advantage that the classification of an abnormality cause is attained only by 
making it learn when abnormalities occur. That is, setting out of criterion data 
becomes unnecessary. 

[0064]The reference value which carried out weighting for every frequency 
characteristic quantity is set up like the invention of Claim 10, respectively, In 
what is used for the temporal feature quantity for every frequency 
characteristic quantity, the time interval at the time of the time series data 
for every frequency characteristic quantity exceeding the above-mentioned 
reference value, respectively. Rather than the case where a reference value is 
set up uniformly, the frequency characteristic quantity and temporal feature 
quantity which suited the conditions of the rotating equipment can be 
obtained, and the discriminating precision of an abnormality cause improves. 
[0065]Like the invention of Claim 11, power is transmitted from a driving 
source via a belt to a rotating equipment, and the driving source can control 
transfer of the vibration to a rotating equipment from a driving source in what 
is made vibration-proof, and has the advantage that the noise in a data point 
decreases. In what keeps constant the tension of the belt [ like the invention 
of Claim 12, it transmits power from a driving source via a belt to a rotating 
equipment and the rotating equipment is driving ] of a between, the oscillating 
measurement condition of a rotating equipment becomes fixed, and leads to 
improvement in diagnostic accuracy. 

[0066]By finding the wheel base of a driving source when the tension of a belt 
is made into constant value, and a rotating equipment like the invention of 
Claim 13, by some which calculate the stretch amount of a belt, the stretch 
amount of a belt can be managed and there is an advantage that the exchange 
time of a belt can be known. Power is transmitted from a driving source via a 
belt like the invention of Claim 14 to a rotating equipment, In what asks for 
the temporal change of the spectrum of a data point after removing the 
frequency component of the vibrational frequency of a belt from the above- 
mentioned data point, the noise by vibration of a belt can be removed and 
abnormality diagnosis can be performed. 

[0067]By what computes the vibrational frequency of a belt based on the 
wheel base of a driving source and a rotating equipment, and the tension of a 
belt, like the invention of Claim 1 5. Since the vibrational frequency of a belt 
can be known even if the tension of a belt changes, the noise by vibration of a 
belt is easily removable. Like the invention of Claim 1 6, power is transmitted 
from a driving source via a belt to a rotating equipment, by what locates a belt 
in the field which intersects perpendicularly with the axis of a driving source 
and a rotating equipment, since a belt does not slide on shaft orientations, an 
unnecessary vibration does not occur but the accuracy of abnormality 
diagnosis improves. 

[0068]The vibration sensor which detects a data point [ like vibration 
generated at the time of rotation of a rotating equipment ] whose invention of 
Claim 17 is, While asking for the temporal change of the spectrum of this data 



point and asking for the frequency which produces a peak from the temporal 
change of a spectrum as frequency characteristic quantity, The feature 
quantity extracting part which asks for the time interval which produces a 
peak for every frequency characteristic quantity as temporal feature quantity, 
The group of the frequency characteristic quantity-temporal feature quantity 
calculated from the data point at the time of rotation of a rotating equipment, 
In a thing provided with the abnormality-diagnosis part which specifies the 
existence and the abnormality cause of abnormalities of a rotating equipment 
by comparing the group of the frequency characteristic quantity-temporal 
feature quantity at the time of the abnormalities of a rotating equipment with 
the criterion data beforehand registered according to the abnormality cause. 
Since an abnormality cause is specified combining frequency characteristic 
quantity and temporal feature quantity, there is an advantage that the 
discriminating precision of an abnormality cause becomes high as compared 
with what specifies an abnormality cause only using frequency like before. 
[0069]In what is provided with the belt which transmits power from a driving 
source to a rotating equipment, and the vibration buffer material which 
supports a driving source so that vibration of a driving source may not be 
transmitted to a rotating equipment like the invention of Claim 18. Since the 
vibration from a driving source is hardly transmitted to a rotating equipment, a 
vibration sensor does not detect an unnecessary vibration component and the 
accuracy of abnormality diagnosis improves. 

[0070]It has a sensor of the couple which detects vibration of the both sides 
which sandwiched vibration buffer material like the invention of Claim 1 9, 
Degradation of vibration buffer material is manageable by asking for the 
transfer function of vibration buffer material based on the output of both 
sensors, and managing the transfer function of vibration buffer material in a 
thing provided with a means by which the change with time of a transfer 
function detects degradation of vibration buffer material. 
[0071]In a thing provided with the linear guide which makes a driving source 
movable to a rotating equipment, and regulates the moving range of a driving 
source like the invention of Claim 20 in the field containing a belt. While the 
move direction of a driving source is regulated and being able to prevent 
generating of an unnecessary vibration component, it becomes possible to 
adjust the tension of a belt suitably. Like the invention of Claim 21, a driving 
source is made movable to a rotating equipment, and it becomes possible to 
move a driving source more smoothly as compared with a linear guide by a 
thing provided with the air bearing which regulates the moving range of a 
driving source in the field containing a belt. 

[0072]In what is provided with the support means which supports a driving 
source movable to a rotating equipment, and the transportation device to 
which a driving source is moved like the invention of Claim 22, a driving 
source can be easily moved by a transportation device. In what is provided 
with the distance sensors which detect the distance of a driving source and a 



rotating equipment like the invention of Claim 23. It becomes possible to 
calculate the stretch amount of a belt by detection of distance, or to search 
for the tension of a belt, and there is an advantage that degradation of a belt 
can be detected as a result and the rule of thumb of the exchange time of a 
belt can be given. 

[0073]The excitation means which excites a rotating equipment at the time of 
un-operating of a driving source is established like the invention of Claim 24, 
An abnormality-diagnosis part in what judges the existence of the 
abnormalities of the mechanical system which contains a rotating equipment 
and a vibration sensor based on the data point detected with a vibration 
sensor when a rotating equipment is excited by an excitation means. Check of 
the mounting state of the vibration sensor to a rotating equipment, etc. is 
attained, and the good abnormality diagnosis of reproducibility becomes 
possible. 

[0074]It is easy to control vibration added to a rotating equipment by what 
used the excitation means as the voice coil motor correctly like Claim 25, and 
becomes easy to judge the existence of the abnormalities of a rotating 
equipment or a vibration sensor. Like the invention of Claim 26, by what used 
the excitation means as the actuator using the piezo-electric effect, 
frequency of vibration applied to a rotating equipment can be made high, a 
large frequency domain can be covered, and the existence of the 
abnormalities of a rotating equipment and a vibration sensor can be checked. 
[0075]Like the invention of Claim 27, by that the excitation means is both 
[ vibration sensor / that ] used, though an excitation means is used, it has the 
advantage that a component can be lessened. In some which made the 
excitation means the hammer which gives impulse force to a rotating 
equipment like the invention of Claim 28, there is an advantage that 
composition becomes easy as an excitation means as compared with a voice 
coil motor or an actuator. 

[0076]In the abnormality diagnosis device of Claim 24 thru/or the rotating 
equipment according to claim 28 like the invention of Claim 29, While exciting 
a rotating equipment by an excitation means before operating a driving source, 
based on the output of a vibration sensor, the gain of input and output is 
searched for in an abnormality-diagnosis part, In what checks the existence of 
the abnormalities of the mechanical system which contains a rotating 
equipment and a vibration sensor by comparing this gain with the normal range 
set up beforehand. Since the existence of the abnormalities of the mechanical 
system which contains a rotating equipment and a vibration sensor by 
comparison with a gain and a threshold is judged, there is an advantage that it 
can be diagnosed easily whether there are any abnormalities in the mounting 
state of a rotating equipment and a vibration sensor, etc. 
[0077]In the abnormality diagnosis device of Claim 24 thru/or the rotating 
equipment according to claim 28 like the invention of Claim 30, While exciting 
a rotating equipment by an excitation means before operating a driving source, 



based on the output of a vibration sensor, the gain of input and output on two 
or more frequency is searched for in an abnormality-diagnosis part, A 
correlation value with the data for check beforehand set to the gain searched 
for is calculated, In what checks the existence of the abnormalities of the 
mechanical system which contains a rotating equipment and a vibration 
sensor by comparing the calculated correlation value with the threshold set up 
beforehand. The correlation value of the gain and the data for check for which 
it asked on two or more frequency is calculated, and since the existence of 
the abnormalities of the mechanical system which contains a rotating 
equipment and a vibration sensor based on a correlation value is judged, it is 
effective in the ability to judge the existence of abnormalities more correctly 
as compared with the composition of Claim 29. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] Embodiment 1 is shown, (a) is a block diagram and (b) is an 
explanatory view of operation. 

[Drawing 2] It is a top view showing a measuring device same as the above. 
[Drawing 3]T he side view at the time of a measuring device same as the 
above being shown, and (a) equipping with a belt and (b) are the side views of 
a measurement state. 

[Drawing 4]It is a sectional view of the electromagnetic clutch used for the 
same as the above. 

[Drawing 5] It is a partial fracture side view at the time of using an air bearing 
in the same as the above. 

[Drawing 6] It is a side view showing the example which measures the transfer 
function of vibration buffer material in the same as the above. 
[Drawing 7]It is a figure showing change of the transfer function of vibration 
buffer material same as the above. 

[Drawing 8] It is a side view showing the example using an air cylinder in the 
same as the above. 

[Drawing 9] It is a top view showing the example using a voice coil motor in the 
same as the above. 

[Drawing 10]It is a side view showing the example using distance sensors in 
the same as the above. 

[Drawing 1 1] It is a figure showing an example of the criterion data used for 
the same as the above. 

[Drawing 12] It is a figure showing the example of the temporal change of a 
spectrum same as the above. 

[Drawing 13] It is a figure showing the example of the temporal change of a 
spectrum same as the above. 

[Drawing 14] It is a figure showing the example of the temporal change of a 
spectrum same as the above. 

[Drawing 1 5]It is a key map of wavelet transform used for the same as the 
above. 

[Drawing 16] It is a figure showing the example of the temporal change of the 
spectrum in Embodiment 2. 

[Drawi ng 1 7] It is a figure showing the example using an autocorrelation 
function in the same as the above. 

[Drawing 18]It is a figure showing the example which applied Fast Fourier 
Transform in the same as the above. 

[Drawing 1 9] It is a figure showing the example of a problem at the time of 
applying Fast Fourier Transform in the same as the above. 
[Drawing 20]It is a figure showing the example which performed the cepstrum 
operation in the same as the above. 

[Drawing 21] It is a figure showing the example of the temporal change of the 



spectrum in Embodiment 3. 

[Drawing 2 2] It is a figure showing the example of criterion data same as the 
above. 

[Drawing 23]It is a block diagram showing Embodiment 4. 
[Drawing 24] Embodiment 5 is shown, (a) is a top view and (b) is a side view. 
[Drawing 25] It is an explanatory view of operation same as the above. 
[Drawing 2 6] It is a top view showing other examples of composition same as 
the above. 

[Drawing 27]It is a top view showing the example of composition of further 
others same as the above. 

[Drawing 28] It is an explanatory view of operation same as the above. 
[Description of Notations] 

1 Motor 

2 Electromagnetic clutch 

3 Vibration sensor 

4 Feature quantity extracting part 

5 Abnormality-diagnosis part 
31 Voice coil motor 

35 Actuator 

36 Hammer 
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tfcbftt^ 9 y U 2 afc'Wh 2 1 £<DM-?m*) 
[0 0 3 5] Silted 3 ©B#fcS^<fiftlBflr«U 

«TO«fc5fcff*5« f*b^ 01 (a) ©<fc?fc, 

t mrmmm t ttmm Lmimvm 5 1 x*-r 

tfg#©fflE*2fcJjK *©*S**^a$ 6 K%M?% a 10 
[0 0 3 6] 16I&IB*r©«#«;8:#JI«\ 01 (b) © 
£?JC&5 0 £1\ a-ty-9-3cOtH^^DEt? (S 
1) o »-t 3 © ff}£ # 5 

(S2) o 0*0, ^T'-^OMttftfclltHfc^- 
^tcMLT^^7-Ux^ (ST FT) fcSWitf 

[0 0 3 7] ±M<D£?fcffi$}l2yV3®tii1]®f%®.Wt. 20 

m&mmis;im%tiwtmtLTmtii't& (S3) 0 
mfetz c t s fifltcw sum?- ? tfc 

Ps=/i + 3o 
Ps = |t + 2o 

»g!i"r^#a»©ffis*^=s: » m#©s??{i p 40 

[0 0 3 8] ^<IT\ |HHi*»0«i©aifflCO^T, 

Xs (t 0 , w) = fx (t) w ( 

J — 00 

C0 0 4 23 ±SBLfeJ:5**l!l1tfc*fl/T»fe> 50 
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Zlcm&TZ (S4) o fcfc*t& Hi lfcj^*r«J:5 

ic, fflMmmmmmmfi , f. ^ m& 

^lOiWfi ta, tb, ©ffl^fr-frfcg 

^©aSt^^ttW-fcx-TVl/^g^Pf 1 -* fc LTffoS 

fcM-a-r§©Tfe§o H^?sjimi$ftft-i$niiti 

St*©IBtf (f. , t a) ©£*Mlli£©l*3ffifcfctf& 
&^F& (Ri ) > (f . , t b) <D£%Kffl&f&l 
(R* ) x (f 2 , t b) ©fc*fcjg«£F&2 (R» ) 
*PfcSfe©fcLTV3o S^&ttllll3i:IIIlE*ifc©& 

M, W^7yf 2©^7>yf y-'J 2 a i:#X2 c i: 

«ig©fi©^-a-fc(±ttg©(^igi57?fei&'r§gi3«i:^ 
» t b « 35 § #\ §^ 6 msmm 

[0 0 3 9] ±$L M«#ma-B#K#m 
ti«\ S#©^*t* J; tf SS©ffiB*#^f § c t ^-e 

§o »f-^^5x^^ h;i/©^^ft^ 

ig^^feSo c©a©S$Si:LT«> Wri7-'JxI 
-ty-9-3©tH±i©*fcj;-p TfiflUmrf & § . 

[0040] cn5©^ftteov»Tiai¥f«:S4wr*o © 

(t) , &H&$w (t, At) i: LT> to fc* 
W-SJBMWftX^^ h;l/X s (to , w) x (t) 
w (t-to , At) ©7— yx^ftteJ:D*ii>Sfe© 

[00 4 1] 

[mi] 

-to. At) exp(- j co t )dt 

•9" 3 ©tfJ*-e*SS9^7*-^tc:jSl^lffl7-y x^ift*W 
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[0 0 4 3] — 73K <>x-7W h 



oo 
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fcS, *x-7VyMH»Y..» (t) tt, ^If-^x 
-fUvby (t) fcl/^x-T^y MlScoS^i: 

[0 0 4 4] 

HSt2] 



g (a, b) = Wa" ¥». „ (t) x ( t ) dt 



oo 



fcfcU ¥ a . * (t) = /a" ¥ (-*-s-k) 



[0 0 4 5] ->i-yi/7 h^ft-^tt, 



20 



[00 4 6] (£ffi)gfig 2 ) ±fB^S6^*i©<fc 5 £ LT 
h;l/0«FlBafb*^l^lHWf9UI**i6St#lc, 

K% BfUfffttt afcte, ^MA ti , A 1 2 , A t 3 
0(DM«#m«^MLTBf^Jf f -^^f (t) 

znztzic, g&ftMmmQr* (r) tst3©<fc5 

fc*Sn*. £©£5&gE*§IIilllifc<i>** (t) 
5t gailMliiccDxx (t) **»5i:Bll 7©«t5 
fc*«^6, BJJRajf'-* f ( t ) ©Jil&ltt^SnS C 

[0047] njsawfwuioi^w»j5*-^fc»bTaB 

ffiraWiS[<l>» (t) te«ATSBS7-Uxg#| (FF 
T) £ttl/rfc<fcl\, ilOl^ SI 8 fc^-TJ: 5 fc, 

jM^Bt h t TBBtr s c t # t? ir s „ fc£ 



50 



40 



t>^>§^^xh9^M»^ff^ 5*9cn. col 

[004 8] 3 ) *HSfi^H{±, Mifcfflii© 

s^ra^fc^UT^s^^-rfco-eafeoT, ret 

ti\ H 2 l fc^-r <fc 5 tc, 2 a£©J9$&ftttft f 3 , 



#^«f 3 , f< zrte*ti^n»NWW«t c td 

[0 0 4 9] (MM&M 4 ) *^Sfi^H(i, J^»f#M 

« t Bf t ©ffl* r - ^ ;!/ f c cfc § S^x- ^ R§ 

2 3fc^*TJ;5^ »-fey-9-3©tfl*^e» ! it 1 l»atfl 
g|34fcfev^TJiM^ ! ftm*i:B#K!|tm»i:^tttHU - 

WSUIi:«IBI*Mtti:*#A*i:4:fefc, ^OS^ 

brewer, mimmmMhnwmwmt^mnnmu 



CD: 



LA. 
C3n 
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[00 50] (MWm 5 ) #Hfi»BiBt& H 2 4 Km 

* J: 5 te, H 8 lC7Lfe£ffifti l oliatcMH^Si: 

LTO^X3^;V€-* 3 1 *#iqtfet>©-p*So 
#VX3-f;l/*r-*3 1 tt«|gft2 6atIWc^ 

x3-r;v^~^ i 8i:iiaio«ij«*^r'^sfe©'e*o 

Ts 3-^3 1 at, %&,mfi3 1 b£, Qfo<D=iJ>l 
0f^Xn^f;W 3 1 c £%mZ-% a j|c#JKEi3 1 btt 

3^/1/3 l c icffitMMWWicDfatlci&VT-Ljfr 

3 1 c^3— ^3 1 a ©ff *#05#;£lfcfcififi£gl& , $" 
S«fc3fcftoTV«5o 3-^3 1 a £3 -Yd/ 3 1 

c fc«a»arte3 2fc«fc?>*g^**u n-r;i/3 1 eta 

1 afc#LT^fi«fc^£ftS<fc5fc*oW5,, ft 
Jiftffc 3 2 fc tt 3 Mi £V 7 7 9 AftMfcftea 

Hj&VBV»&ft3o 3^3 1 cfc«»Btl&3 3 

©— flStf*S£S*U S*S$fi3 3©f«fciifiD 3 4*^ 
£2ftTVS 0 3 3 tt^-X 1 0fC3iK£tlX9 20 

3 1 cfcj^BMWKt«afi©««B^«*F9^3 
1 dfc#*3CfcT*ffl»S*l5o $fcs 3tt§c?2 6afc 
f*3-^3 1 ajWB£-2tlSo 
[0 0 5 1] LfrLT^ 3471/3 1 c icStf 

Xtt^LiE3l^1tZt*ZZ.t"&l&&Z 6 aid! 
*im*.S o^Ds 3-r;i/3 l c\©@r 

*®cjSi;T3-^3 1 afc347l>3 1 c 

3 4aWtttt£nTV->3C£E < fcoT^ 3tt^£2 6a 30 

[0 0 5 2] mWfcy*y 3 ©$!&§£• 2 6 

a fcftf S3tf#fflB*?>«8* 9 >y 2 ©«g# 2 6 a £ 

4X34;]/*— #3 l*IHKrfS«fc5fcLT*So Aft 

-So 

[0 0 5 3] iT> *^5>y^2©»P&T£tT&5 

l fcWK^v^©*^?-:/ 40 



-U 2 a fcOIBIfc^l/h 2 1 *»H-H'f. £©£*£ 
tt, H2 4 KmT& 5 *-*"7V-h l 3£fii!§£ 

2 6 a, 2 6 bfcWti:Tfe< CtlCkiX^lb 2 4£r 

^;l/h 2 1 te3BlOr>^a y^ttfc^-^- #7 
£^-7, 1 0 fcHSf So 

[0 0 5 4] *■©!& tWX3^M-3r 3 1 %W9hL 
Ttt^2 6 a*fi|&*^ t^Xa^/W-^ 3 1 1 

^*7-Po4:oJt (=Po/pi) ^^BROMiSaSfco 50 
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G= 1 0 • log (P o/p i ) 

ItWmt LT©±ffi«G s cfctfTPEflG i (-flgfcti 

fi) fcJtRU 02 5 (a) fc^-Tcfcd^ MtbfcVJ 
yGtf±mmG s fcTRHlG i 4:©lffl*e»Sfc#tett 



a 



G i <G<G s) , 
5afJ»f*SBROiliSaRfcov^TfTa3 c tic ioT, 



tape** mmnm^iE^m^r^m^ic immk 

[teflHrj5i<*titf H 2 5 (b) fc^-Tcka^ ^fefey 

[oo 5 5] iaM^-WLtLXit, m 2 6 icm-r x 3 tc, 

l/\ C©a©T^^aLX-^3 5t?fe*VX3^;l/^r- 

^ 3 1 tmmicm^2 e a icMm%hnz-%£ turos 



2>o L^fe, C©a©7^f-aX-^3 5(i^jaSl?© 

mmti^mx^r^x^ji^-^ 3 1 <t d taut 
^aas«sH*j£<i:scfc*i<-e#So c©a© 

iftt^2 6 ai^P^r^{CjSCT7^f- 

3 fc^fflf § c i: J; o Tm/3u&kWSblMr* £ 

t5. fc^U C©«J«T?tt7^^aX-*3 5teJ;D 

©*E€-^^#x.§o 

[0 0 5 6] ftp|g^gtLT(±^ 02 7fc^-T 

fl^f|f|^#2 6 aE^SCt^tio Sfe, 
^#^fdffc/Nyv3 6 tiffin 2 6 afrfclUlSfr 
6^ fi»-b 3 *5£ tfWS# 2 6a ^r#t?«^©S 

yV3 6fC*5l^T$4S^2 6 a fcW**f^ffl*-&SW 
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[0057] ^mmmmic^xit, yv>G^±PSfi 

G s ^TSSflG i t(DmWfafr : gfr<Dfr-?lEW • 

g s trmmG i £©fgHp<mi&£fe©©y-i'^G© 
±mmG s fej:tfnsffl[G i ^owmt-^ io 

COO 5 8] 

mm<D®m mm i ©isb^ niig$g§©iii!|gRf £ 

f#«*©ffl*gft SHMfc: £ p. C #>S® L t & 5 

tarn Lrmnms(ommmtm < * a t ^3 

30 

[0 0 5 9] H3cll2©fgBJ§©<fc5^ S9^7*-^te)fi 

mm?- u xwmm? cttc^*) wp?- * ©x^* 

R#li9f#$«£ § d i: T? ff § £ ^ 3 5 0 if 

[0 0 6 0] H#S4©B*!©J:$te, MffiSLfflUk* 

E>mmmn%n *v\ s hsum^ tf- * k *« n»mm 
v^r tf- * tf £ c a i^nnMic^of ntf & oTfeBf 

HS4ft&S £ LT «fc vMI*** § c i: tf T- # a t v * 5 f fjjt 
[00 6 1] M$8 5 ©«W© J: 5 fc> JI?£$t# f®£ 
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if % tf- £ ©R£JM3tfttltt L < a a t v> 3 5PM* 

fc»c, #jsiag»ws«©^?ijr- * ic» Lxmmy 
- >; xaaft* 2 ®ff a 3 ^7x h 5 &»ji*fT&v\ « 

©•eti, fc°-^©i$stfjii^§£--e£> \£—90K3zmm 

[0062] «*a7©58w©j:5fc, WRonaam 

[0 0 6 3] sS*«9©fiB^», @<g«ffi©li<EI^K^ 

^-rsfi»ai/^bs©J:5a«^7*-^*«fflu c© 

^x-^©x^^ h;i/©i^|BBEfb«*«>, X^h;P 
©ttmHEffcfr 6 tf- ^ ^ C a Ji«^ iiMitltma 

vmmmm*mmw4kmt lxm&, mmss<omn 
0, ®Px-^©aa®e^Ste*«fe©-e*«o 

[006 4] li^a 1 0 (D$%m<D& 0 £JSS3fttf« 
[006 5] gft&g 1 1 ©ISB^OJ: 9 lEiiM^SIU 

»±i55ig$nTv>5 t»©t*tt, Eifi^^ni^*!^© 

*^fc, mmm^mmmcM\.x^v^\,xm 

ti*fcMU ®M&^tfm.W]-£tiX^2>m(D<;lh(DT 
[00 6 6] ts^i 3 ©^©cfc 3 ^hofy 



(11) 
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&imik#) Z> c t fc D 1- ©#0«;&5i<i6£ £ ©"? 

a, ^;i/h©#a»£m3-rs£J:;^-e^ ^h©£ 

[006 7] 1 5 <Dmm «k 3 ^ KKfli£ Hfc 10 

^/I/h©iIftM&lfc£»fcH-f S£>©-£i±s ^Vhcox^ 

~> a L x t> h ©Hl&Jl»&fti « t i: T* 



20 



[0 0 6 8] gft$£l 7©^«s H£tt88©ll4EH$l<: 

%wm<D&*) %$m<r- ztzmmz mm-t >y 

[0 0 6 9] 8©f»l!©J;5fc, Igf&M^^lHj 

?»#££€*£&©■■?«:, BMSA'&oaail^lil 



[0 0 7 0] R$fll 9 ©fSB©<fc 3 fc, 

5 c i: fc <fc o T> MW]M$tt<D&{t% 1 gm.? 2>£t tfX 
[0 0 7 1] Hs»«2 0O«W©J:5fe:, BKr&$lllE 
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[0 0 7 2] |f*«2 2©«W©J:5fc, H&iS^lHffii 

j&aS^S^l^afcfclBa.Sfc©-?^ %/m$mc& 
•?xm®U*BBlc®W}l£*i%£t.&X*%Zo 89*® 2 

3©«w©<t9^ ran t diiteii^ h ©ffisn^^a-r 

h ©#tfg£:£i&fc 0 ^Jl h <Ot- >is a Z/%$ttb1t D t 

iie*Wfc^l/h©*{k*i(fttttbT 
h ©S^Btffi© I 3 c i: Tf § S v > 5 f 'J 

[0073] 4©»w©<k5^ mmumm 

[0 0 7 4] 11*^2 5 cDcfc ^ tC N Wfg§t^X3 

mtcfm L-^-r < , ia<E«ffi j f>igifr-fe>"9-©sm©#«i 
^a^ffWj&s^fflv^r^^ax-^tLfcfe©? 

S«©#«8*jS«W s c «<t? * s o 

[0 0 7 5] m?m 2 7 ©^BJ©* 5 fc, IJPS^^S 
[0 0 7 6] H*^2 9©^©<k5fc, il5fc^2 4^ 

febx&ziEMmmttmtzztic&iommmmtM 

«Hr > i: ^tyStteR©^^©^*^^ S fe ©Tf 
tt, y^^i:BMii:©Jt«f*:J:oTlHl<E«ggi:SI6-by 
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[00 7 7] H^3 0 <Dm$<D& o (C, »^ 2 4 & 

^ Lira 2 8 tmommmm^mmmmm^^ 



urn? z>nk.iz£K> mmmm t mm*. >vt *^$smm 



22 

?mx&% 0 

[Hi 4] IWLkfc&tf&X^ Yh<Dmm£\k<Dm*:7K 

tmx&Zo 

[hi 5] m±icm^^^~y]yy vmMom^mx 

3t><£> 0 



jEBic m%<D ^mm m t « t £ # t? t s t v -> $ as* # 

ran mm&Mi%mu (a) a^n^m 

(b) im\mmm~?&z>o 

[0 2 ] n±.<Dm%^w^tw-mmx^ 0 

[03] H±©M£g«&^U (a) te^/l/h^gii 

[04] ra±t;:fflv^tt^9>y^©iTffi0^§o 

[05] m±te&^Tmm&%%m^rcM&<D-mm 
mmmx$>z>o 

[07] |W(±{c*3^S»MW«©f5»W^©^fb^ 
•f0-?&£ o 

[08] iwlbc&v^txtv"; y#*m^rzm*m-m 



[09] |WI±{c*5V^T#'fXn-i';l/t-^^fflv^cM^ 

[010] m±fc%^xmm j tyv%m^rcM%^~?m 
[011] iwi±^fflv^a^f f -^©-M ; &^'r0-efe 

[01 2] ^±{c*3^§x^^h;VO^H^{t:©M^ 
-r0-£?^§ o * 



[01 6] nmBmzizjstfzx^hJi'CD^ffimt® 

[01 7] ^±fc43^T§B*BI8l»&Jl^fcP£^'f 

[01 8] m±fc&^Tmm7-v^m&*mRiLrcm 
[01 9] m±ic^xmmy~v^m^m^Lrcm 

[02 0] |ll±t4oV^T^7 P Xh5AMS^T*ofcf) 

^-r0-es§o 



[02 1] mm&msteisifzx^hfriDmmmt?) 
[022] mt^w-ss^x-^ow^-r 0-e& 

20 § 0 

[023] ^^4^-r^ny^0^§ o 

[02 4] H#£^fi5£^U (a) It^mm, (b) 

{±fi!l®0-efe§c 
[025] m±<Di 



mx&% 0 

[02 6] |S|±cDffi©«^M^ , r¥®0T?fe§ o 

[027] m±<D% h icM(om]&m%m*?¥ffimx$> 



[028] m±o\ 

30 1 £ 

2 

3 mm^yv 
■ 4 #m»aagp 

5 S^WgP 
3 1 *VX3^M-^ 
3 5 7?fal-^ 
3 6 a>7 



[04] [06] [07] 
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